Introduction
In most orthodontic treatments anchorage is necessary to control the reciprocal forces of tooth movement [1] . Usually this control is realized applying a force to a group of teeth or through extra-oral structures, e.g. neck or cranium. However, these techniques have important restrictions, often related to the patient's cooperation [1] .
Orthodontic mini implants represent indeed a great resolution to these limitations. Their clinical advantages consist in versatility of placement site, easy insertion and removal, minimal anatomic limitations, minor surgery, increased patient comfort, immediate loading, possible use in young patients, and low costs. Unlike osseointegrated implants, these devices are smaller in diameter, have a smooth surface, and are designed to be loaded shortly after insertion.
The stability of miniscrews has become an issue because it does not depend on osseointegration but mechanical locking of the threads into bony tissues [2] [3] [4] , and consequently they can hold up orthodontic loading after a short healing time. Since the determination of the specific clinical parameters that affect the clinical success has become critical, the purpose of the following research was to conduct a systematic review in order to update the actual knowledge about miniscrews in the clinical practice, in particular about their stability and reliability.
Materials and Methods

Study design
The present study is a systematic review of interventions that evaluated the stability of the miniscrews and the related influencing factors in order to define the success rate (outcome). The workflow followed the PRISMA statement. Table 1 shows the PRISMA checklist. Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS). 2
Methods
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number. 2
Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale.
2-3
Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched.
Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.
Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis).
Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators.
Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made.
Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis.
Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means).
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I
2 ) for each meta-analysis.
Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies).
Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified.
Results
Study selection 17
Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram.
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Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. PubMed, ISI Web of Knowledge, EMBASE and Grey Literature (SIGLE) databases were searched for articles published until January 2015 in English or in Italian. Appropriate changes in the key words were done to follow the syntax rules of each database. The main terms used were "miniscrew", "micro screw", "microimplant", "mini-implant". The two examiners assessed the titles and the abstracts of all studies displayed. If the abstract lacked information to allow decision making with regard to selection, the full article was obtained and evaluated before decision making. Several articles appeared in more than one database but they were considered once. Any doubt about inclusion or exclusion was solved with a discussion. Screening the reference lists of the selected articles complemented the search. The selected articles were then carefully read for the quality assessment and control of bias and for data extraction.
Data extraction
Two examiners extracted and tabulated the following issues from the selected articles: 
Meta-analysis
A meta-analysis was performed to combine comparable results. Studies were alternatively grouped according to the site of placement (maxilla or mandible) and the length of the miniscrews (short: <8 mm; standard: 8-10 mm and long: >10 mm). The software used in the analyses was STATA 12 (StataCorp. 2011. Stata: Release 12. Statistical Software. College Station, TX: StataCorp LP). The odds ratio (OR) from each study and for each group was calculated and used in order to obtain the success rate when raw data were not reported. Results were pooled using the random effects method because the studies compared were not considered to have the same effect size. The random effects model is generally indicated when studies are gathered from the published literature. The effect size could vary among the studies because they might differ for several reasons. The effect sizes in the studies included in the meta-analysis represent a random sample distributed about some mean. Results were expressed in forest plots figuring the studies included and the overall odds ratio for the computed analysis which indicates the leaning for the effect size. The relation between the overall OR and the value OR=1 which is marked with a vertical line is discussed.
Results
As of January 2015, the PubMed search with the terms "((((((((miniscrew or mini screw) or mini-screw) or micro screw) or micro-screw) or microimplant) or micro implant) or micro-implant) or mini-implant) or mini implant" returned 3172 results. Embase showed 525 hits, and Google Scholar over 3000. Of all those, 65 articles matched all criteria and were considered ( Table 2 ). The flow diagram describes the results of search queries ( Figure 1) . Overall, the analyzed data comprised 4080 patients treated with 8524 miniscrews. Each study treated a number of patients varying from 7 to 308 with a number of miniscrews varying from 14 to 480. The success rate reported ranged from 0% to 100%, but in most studies, the success rate was above et al. immediate loading of mini-implants showed significantly higher success rates in adults than adolescents [8] .
An important accent was focused on the site of surgery. As showed in Figure 2 , a larger number of implants were placed in the maxilla rather than in the lower jaw, thus increasing the success rate in the maxilla in all but ten studies [6, [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Another significant factor has been the length. Six studies included mini-implants of different lengths in order to compare the different success rates [9, 16, [18] [19] [20] [21] . The comparison between short miniimplants (< 8 mm) and standard mini-implants (> 8 mm and < 10 mm) is 80%. The overall success rate, weighted by the number of miniscrew, amounted to 86.75 ± 8.48%.
The gender variable showed no significant differences in general, except in two studies giving conflicting results, where the success rate was found significantly higher in the female group [5] or in the male group [6] .
Lee et al. found a significant association between success rate and age: increasing age is a decisive factor for the survival of the implant [7] . In fact, the estimated probability of implant failure decreased 0.925 times with each year of the patient's age. Even in the study of Motoyoshi 
summed up and an overall is computed. As shown in Figure 3 , there are no significant differences between the success rates with the different lengths of mini-implants in each study; however the overall shows a leaning in having higher success rates with standard mini-implants. Chen et al., correlating the success rate to the implant length, found a statistically significant difference (p<0.05) between the success rate of 8 mm screws (90.2%) and those of 6 mm (72.2%) [18] . The same analysis was conducted to focus the differences between short and long miniimplants (> 10 mm). As shown in Figure 4 , only five studies collected data [16, 19, [20] [21] [22] . The overall computed, and its confidence interval, do not comprise the vertical line, indicating a difference between long and short mini-implants. However Miyawaky et al. obtained
results that influenced the analysis and created a bias [22] . In detail, the authors tested 124 long implants with a success rate of 84.4% and 10 short mini-implants that gave no success rate. Figure 5 shows the overall success rate without the dropped study of Miyawaky et al. The confidence interval and its computed overall comprise the vertical line, showing no significant differences in success rates between long and short mini-implants. Actually, because the small number of studies considered, it is impossible to draw specific conclusions about the topic. Further analyses were conducted to assess the differences in success rate between standard and long mini-implants. The forest plot reported in Figure 6 shows nine studies which present data about standard and long mini-implants [6, 16, 19, 21, [23] [24] [25] [26] [27] . The overall value shows that the The centre of the figure reports for each study data regarding the success rate for short and standard mini-implants expressed in OR. The vertical line (OR=1) means no difference between the lengths. Lower values (OR<1) are associated with data from studies with higher success rate for standard mini-implants. Overall shows the leaning. On the right of the figure are reported the confidence interval and the weight of the effect size for each study. The centre of the figure reports for each study data regarding the success rate for short and long mini-implants expressed in OR. The vertical line (OR=1) means no difference between the lengths. Lower values (OR<1) are associated with data from studies with higher success rate for long mini-implants. Overall shows the leaning. On the right of the figure are reported the confidence interval and the weight of the effect size for each study. success rates of mini-implants of different lengths are not significantly different. Two studies influenced strongly the analysis due to the fact that their weights (i.e. number of mini-implants tested) are much higher than the others [6, 27] . Studies which reported different results have a lower weight and could be considered as outliers.
With regard to the diameter of the mini-implants, there are conflicting results: Miyawaki et al. and Wiechmann et al. concluded that screws with a diameter of 1 mm and 1.1 mm behaved significantly worse than those with larger diameters [22, 28] . Instead, in the study by Manni et al., the screws of small diameter showed a significantly higher success rate [6] .
It was calculated that 5159 miniscrews were used in the maxilla with an average success rate of 90.19 ± 7.01% whereas 2951 miniscrews placed in the lower jaw showed an average success rate of 83.32 ± The centre of the figure reports for each study data regarding the success rate for short and long mini-implants expressed in OR. As reported in the text the study of Miyawaky et al. (2003) has been dropped. The vertical line (OR=1) means no difference between the lengths. Lower values (OR<1) are associated with data from studies with higher success rate for long mini-implants. Overall reported is significantly different from Figure 4 and here it includes the vertical line thus meaning that the success rate among the studies is not significantly different for short and long mini-implants. On the right of the figure are reported the confidence interval and the weight of the effect size for each study. The centre of the figure reports for each study data regarding the success rate for standard and long mini-implants expressed in OR. The vertical line (OR=1) means no difference between the lengths. Lower values (OR<1) are associated with data from studies with higher success rate for long mini-implants. Overall shows the leaning. As reported on the right of the figure, the confidence interval for the overall comprises OR=1, thus meaning that the success rate among the studies is not significantly different for standard and long mini-implants. 9.96%. In particular, the differences between upper and lower jaws are significant (p<0.05) in 3 studies according to the former [19, 21, 29] .
There were no significant differences in success rates between flap or flapless placement technique. The amount of loading and the latency period were not statistically significant factors that could influence the success rate of miniscrews.
Discussion
As of February 10 th , 2015, 65 studies were selected by computerized and manual searches in order to provide data on the success rate of miniscrews. Case reports and technical articles that describe the qualities of a specific miniscrew were excluded from the general selection criteria. Other studies were excluded because the methodology was found to be inaccurate. In the case of comparative studies, which confronted groups treated with miniscrew or mini-implants with groups treated with traditional methods, only the first groups were considered.
From the results evinced in this review, miniscrews achieved an average success rate of 86% in orthodontic patients. Similar results were obtained with the use of other temporary anchorage devices (TADs) such as palatal implants and miniplates, which reached the 90-95% of success. Although it has been included a larger number of studies with a higher number of total miniscrews, the results of this review did not substantially differ from those obtained from Crismani et al. [30] .
However the concept of success varied among the studies analyzed. In fact, some authors provided general descriptions of success without specifying whether the stability of the systems was maintained; others considered successful only stable miniscrews and few others accepted mobility only if it was useful for the orthodontic movement. It is important to underline that the studies which describe a successful intervention are more likely to be published. This fact leads to overestimate the effectiveness of the treatment brings some publication bias, or, on the other hand it strengthens the concept of success. The time of evaluation of the success varied widely, some studies analyzed the success rate at specific periods of time or after a certain number of days or months; while others measured the success rate at the completion of the objectives of the anchorage or at the end of the orthodontic treatment. Thus an implant lost after 3 months could be defined as a failure or a success depending on the time of its evaluation. Moreover some authors measured the primary outcomes from the day of implant placement, and not since the beginning of the application of the orthodontic forces, thus confounding variabilities. Generally, in the studies where the distinction of success rate according to sex of patients has been made, no significant differences are noted. Manni et al. found a success rate higher in male patients (88.1%) than females (76.4%) (p<0.05) [6] . This result is difficult to be interpreted and it is in contrast with the information available in the literature [19, 20, 22] . One possible explanation could be the large number of miniscrews examined in this sample, the different types of screws used, as well as anatomical differences (e.g. the different thickness of cortical bone) and hormonal differences.
It could be registered as a general trend of direct proportionality between success rate and age. In the study by Motoyoshi et al. immediate loading of mini-implants showed success rates significantly (p<0.05) higher in adults than adolescents [8] . This finding probably indicates that bone density of adolescents is not sufficient to support immediate loading with orthodontic forces.
The screws with a diameter of 1.2 mm or more are used worldwide with a success rate of above 70%. The mini-implants with a smaller diameter are easier to be placed between the roots, but a small reduction in this dimension decreases significantly the torsional strength and therefore increases the risk of fracture of the implant. It is advisable to avoid the implants smaller than 1.3 mm in diameter, especially when placed in the thick cortical bone in the lower jaw. There were also reported fractures in 2 studies with implants of this size [18, 21] .
Another significant factor is the length of a mini-implant, determined on the basis of several characteristics like the depth and quality of bone, the angle of the screw, the transmucosal thickness, and adjacent vital structures. Short screws in regions with thick soft tissues, such as the mucosa of the palate, could easily become unstable. In these sites are recommended longer screws. The minimum depth of placement of a mini-implant is at least 5-6 mm, but it's recommended a deeper insertion when the bone quality is low. Chen et al. found that the success rate increased from 72-90% using 8 mm long miniscrews instead of 6 mm ones [18] . It should be emphasized that by increasing the diameter and length of the screw, the risk of damaging the roots during placement increases. The miniscrews with a diameter of 1.2 mm and a length of at least 8 mm have sufficient stability with minimal risk of radicular damage [23] .
The flapless method is less expensive in terms of time, but can reduce the chances of accurate placement of miniscrew. An advantage of the flapless method is the better comfort for the patients. For both flap and flapless protocols, conflicting success rates have been published. Only Herman et al. reported significantly higher success rate (100%) for miniscrews (n=10) placed with flap surgery [31] . Further research is needed to clarify the issue and provide newer data. In most of the studies important variables for the success of miniscrew as inflammation and peri-implantitis, and consequently pain and discomfort, were not analyzed. Inflammation of the peri-implant soft tissues has been described in four articles. Three studies stated that the inflammation was controlled by improving oral hygiene [32] [33] [34] . However, Tseng et al. recorded continuous inflammation in 2 of 45 implants [25] . Since these inflammatory changes had not regressed during treatment, the implants were lost or had to be removed. A similar event was described in 4 of 32 patients in the study of Chaddad et al. [35] . Santiago et al. reported severe gingival inflammation in a patient with purulent secretion, so they removed two miniscrews; however the other 28 miniscrews showed no mobility after 90 days [36] . Park et al. found inflammation in 34% of the implants, but did not specify its importance or duration. To control the peri-implantitis, these authors recommended the placement of implants in the keratinized gingiva in order to cover the miniscrew with soft tissue, and to improve oral hygiene [21] .
Pain and discomfort were recorded in 4 of 19 studies. Freudenthaler et al. reported paltry pain after the placement of the miniscrew. The pain lasted for one day in 3 of 8 patients [32] . Similar results were recorded by Chaddad et al. in 2 of 10 patients [35] . Kuroda et al. analyzed the quality and the duration of pain during the first 2 weeks after placement. An hour after surgery the 95% of patients who received an elevation of a mucoperiosteal flap reported pain; while only 50% of those who were treated by flapless approach complained pain. After 2 weeks, the values reduced respectively to 10% and 0% for the two techniques mentioned above. Patients of the first group have reported a significantly more intense and longer pain than that of the second group [20] . A similar result was recorded by Miyawaki et al. in 7 of 44 patients within one week after implant placement [22] .
As reported in Figure 2 , only few studies set more mini-implants in the lower jaw [13] [14] [15] [16] . Due to this fact the success rate of the screws is higher in the maxilla than in the mandible in all but eight studies. Three studies showed that the maxilla is a place more suitable for miniscrews [19, 21, 29] . According to all three studies, the success rate in the lower jaw is due to the overheating of the bone during placement. Particular attention should therefore be used during pilot drilling, during tightening the screws and during water irrigation. In addition, the miniscrews may be more exposed to the mandibular occlusal interferences.
Factors related to the maintenance of the implants, including the control of peri-implantitis, antibiotic prophylaxis, rinsing with chlorhexidine, oral hygiene instructions are also important; even if the possible relationship between the stability of the implants and the use of antibiotics or chlorhexidine has not been analyzed in any study. Park et al. related the control of peri-implantitis with the success of orthodontic treatment, but they did not find any correlation between oral hygiene measures and the primary outcomes [21] . They reported higher success rates on the left side of the mouth but this result is considered related to a better oral hygiene provided by right-handed patients.
Research on dental implants has shown that micro-movements greater than 100 µm are enough to impair healing and may cause fibrous encapsulation. Park et al. recommended controlling regularly the mobility of the system and the orthodontic forces which should remain less than 200 g to ensure the stability of the miniscrews [21] .
The analyses conducted about the length bring to the conclusion that the standard one represents absolutely the gold standard. In fact shorter mini-implants do not improve success rates significantly, but they could be safely used in clinical cases which require less invasive instrument for different medical reasons. On the other hand long mini-implants do not provide significant improvements in success rates, thus becoming not reasonable safe for clinical use. The higher length could even increase the risk of damages to adjacent anatomical structures (i.e. root trauma, soft-tissue irritation, nerve injury, trauma to blood vessels, and sinus perforation).
Conclusions
It can be concluded that the miniscrews represent effective temporary anchorage devices. In fact, in all 65 articles considered, they were able to help ortohodontic treatment even if loaded immediately. The mean weighted overall success rate was 86.75 ± 8.48%. Screws less than 8 mm in length and 1.2 mm in diameter should be used under restricted conditions, while miniscrews longer than 10 mm could be avoided. The maxilla represents a better placement site for insertion (mean success rate, 90.19 ± 7.01%) than the mandible (mean success rate, 83.32 ± 9.96%). A positive correlation between success rate and age may be found. It could also be seen a general trend of direct proportionality between success rate and age. The flapless method should be preferred because it causes less pain and discomfort for patients and it is less expensive in terms of time but it might reduce the chances of accurate placement of miniscrew.
